Dakota State University

Beadle Scholar
Faculty Research & Publications

College of Business and Information Systems

10-26-2020

A close look at socio-technical design features of mobile
applications for diabetes self-management
Abdullah Wahbeh
Slippery Rock University of Pennsylvania

Omar El-Gayar
Dakota State University

Surendra Sarnikar
California State University, East Bay

Follow this and additional works at: https://scholar.dsu.edu/bispapers

Recommended Citation
Wahbeh, A., El-Gayar, O. & Sarnikar, S. A close look at socio-technical design features of mobile
applications for diabetes self-management. Health Technol. (2020). https://doi.org/10.1007/
s12553-020-00497-4

This Article is brought to you for free and open access by the College of Business and Information Systems at
Beadle Scholar. It has been accepted for inclusion in Faculty Research & Publications by an authorized
administrator of Beadle Scholar. For more information, please contact repository@dsu.edu.

A close look at socio-technical design
features of mobile applications for diabetes
self-management
Abdullah Wahbeh, Omar El-Gayar &
Surendra Sarnikar

Health and Technology
ISSN 2190-7188
Health Technol.
DOI 10.1007/s12553-020-00497-4

1 23

Your article is protected by copyright and
all rights are held exclusively by IUPESM
and Springer-Verlag GmbH Germany, part
of Springer Nature. This e-offprint is for
personal use only and shall not be selfarchived in electronic repositories. If you wish
to self-archive your article, please use the
accepted manuscript version for posting on
your own website. You may further deposit
the accepted manuscript version in any
repository, provided it is only made publicly
available 12 months after official publication
or later and provided acknowledgement is
given to the original source of publication
and a link is inserted to the published article
on Springer's website. The link must be
accompanied by the following text: "The final
publication is available at link.springer.com”.

1 23

Author's personal copy
Health and Technology
https://doi.org/10.1007/s12553-020-00497-4

ORIGINAL PAPER

A close look at socio‑technical design features of mobile applications
for diabetes self‑management
Abdullah Wahbeh1

· Omar El‑Gayar2 · Surendra Sarnikar3

Received: 12 June 2020 / Accepted: 21 October 2020
© IUPESM and Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract
Many mobile apps used for chronic disease self-management suffer from low usage and retention. In this paper, we analyzed
apps for self-management of diabetes to understand their strengths and shortcomings from a Socio-Technical (ST) perspective
and identify areas for improvement. The ST model and ST categories (Task-Actor, Task-Structure, Task-Technology, ActorStructure, Actor-Technology, Structure-Technology) were used to identify gaps in the current design of Diabetes Management Mobile Apps. We used a content analysis approach to analyze each app’s functionality and users’ comments against a
set of ST features generated based on the ST model and the associated categories. Results showed that most mobile apps are
designed to support the technical characteristics in such context as reflected in the Task-Technology and Actor-Technology
categories like self-care functionality, ease of use and usefulness, managing resources, and coordinating tasks. However,
limitations exist when considering the larger structure within which self-care tasks are performed such as enabling physician–patient communication and feedback. Most of the limitations we observed are in the Task-Structure and TechnologyStructure categories that capture features related to the interdependency of self-care tasks with provider and payer workflows.
Keywords Diabetes · Mobile apps · Socio-technical systems theory

1 Introduction
Individuals with diabetes could make a significant positive
impact on the progression and development of their disease
by participating in their own care [1]. Information technology, such as mobile apps, offer new capabilities that support
important aspects of chronic disease self-management [2–5]
and offer opportunities to improve healthcare delivery and
quality by allowing individuals to actively engage in and
self-manage their chronic condition [6].
Consumer health informatics (CHI) applications are
designed to “interact directly with the consumer, with or
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without the presence of healthcare professionals” [7]. CHI
applications involves hardware, software, and Web-based
applications that allow individuals to actively involved in
their own health care via electronic mean [8]. According to
the literature on CHI applications, several system and individual level barriers prevent the adoption of consumer health
IT applications [9–11]. Barriers identified are not limited
to technology but span issues across social and technical
boundaries [9]. Gibbons et al. [9] also recognized that CHI
application development requires participation of consumers, caregivers, clinicians, and developers.
Further, many healthcare interventions supported by
mobile devices (mHealth) [12] are designed on the basis of
existing healthcare system constructs [13] and may lack key
features [14], leading to limited use or discontinuation [6].
Finding the right features to be incorporated in such systems
seems to be very challenging [15], especially when identifying such features is part of the features elicitation process.
In that regard, a ST approach seeks to provide a better
understanding of how a system undertakes its work [16].
Baxter and Sommerville [17] refer to ST systems design
(STSD) methods as “an approach to design that considers
human, social and organizational factors, as well as technical
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factors in the design of organizational systems.” The main
premise in ST design is to make sure that, whenever possible, the technical and human factors are given equal weight
in the design process [18]. ST system design can increase
the success of system development since it can help identify
social, technical, and organizational features of the systems
[19]. The importance of ST perspective in system design has
been acknowledged in different complex domains, including
healthcare [20]
The ST perspective has been applied to address several
aspects of healthcare and healthcare technologies [21–24].
In addition, El-Gayar et al. [10] argued that ST considerations are also applicable to information systems for self-care,
self-management, and patient empowerment. In a review of
the literature on self-care systems, Brzan et al. [25] found
that there is a need for mobile apps for self-management of
diabetes with more relevant features in order to increase the
number of long-term users and thus influence better selfmanagement of the disease.
With the explosive growth of mobile devices and the huge
number of mobile apps available to users, it is necessary
to have an insight into the ST design perspective of such
mobile apps. In this work, we have evaluated a representative set of mobile apps from a ST perspective. Such evaluation is mainly concerned with determining ST gaps that can
further guide future research and practice.

2 Method
A ST system (Fig. 1) can be modeled as a collection of four
components, namely tasks, actors, structure, and technology and their inter-relationships [26, 27]. Tasks describe the
Fig. 1  Components of a ST
System [27]

goals and purpose of the system and the way work/activities is accomplished. Actors refer to users and stakeholders
who perform and influence the work/activities. Structure
denotes the surrounding project and institutional arrangements, while technology refers to tools and interventions
used to perform the work/activities.
A method for eliciting features for ST system is proposed by [28–30]. Features, which represent a high level of
abstraction of requirements, are very useful to describe the
functionality of a new system without the need to drill down
into too much details [31]. In later stages, these features
are developed into detailed requirements that are specific
enough for implementation purposes. For the purpose of
this work, we will focus on features and work at the features level [31]. The method consists of a process model
that is made up of three main components, namely ST model
components, ST model imbalances, and ST design features.
Figure 2 shows the approach of ST system design features
identification process.
The process starts with identifying a list of properties
that describe each component in the ST model. Following a
comprehensive literature review and an iterative process for
refining the properties, we were able to identify four properties for the task component, namely, importance to the goal,
resources, difficulty, and interdependence; four properties for
the actor component, namely, knowledge and expectation,
self-efficacy, attitude, and subjective norms; four properties for the structure component, namely, communication
processes, authority, workflow, and economics; and finally,
three properties for the technology component, namely,
functionality, usefulness, and ease of use [30]. Next, the process proceeds by identifying ST imbalances for the combination of components’ properties. ST imbalances, defined for a
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Building System Activities
(Development tools and technical platform)

Technology
(Users, Managers,
and Designer)

Structure

Actor

(Project Org and
institutional
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Task
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Fig. 2  ST System Design Features Identification Process

Table 1  Applications Selection Criteria
Application Selection Criteria
The application must allow the patient to record blood glucose level, food or carbs consumed, activities or exercises, and insulin, medication, or
pills
The application must have a clear and direct way to include any of the previously mentioned categories (ex. Labels, icons, tabs)
Notes or general tags are not considered a place to record food, carbs, blood glucose, activities, exercises, insulin dosages, or medication
Application must have at least 100 reviews on the application store
Application language must be English

combination of the properties of ST Model components, are
gaps and limitations that need to be addressed in the design
of new ST systems. For example, an imbalance corresponding to the Task and Actor components of the ST model is
when an Actor does not possess the requisite knowledge to
perform a Task or when an Actor is not motivated to perform
a self-care Task [30]. Based on the combinations of properties from the four components, we were able to define a total
of 84 imbalances. Following an extensive literature review
in the domain of self-care based, we were able to confirm a
total of 73 imbalances. Finally, the identified list of imbalances supported by the literature can be reframed as design
features to inform the design of a ST system that account for
both technical as well as social dimensions of the system.
We used the proposed process to generate a set of ST
features. The list of features generated is used to benchmark
the features of a selected set of mobile apps for diabetes
management. We then compared the ST process modelbased features, the users’ desired features, and the features
provided by the apps, to determine the extent of coverage of
ST features provided by the ST process model.

2.1 Selection criteria for candidate cases
Searching the Apple Store and Google Play for diabetes
management mobile apps using “Diabetes” as a search keyword resulted in a total of 571 free apps. We narrowed down
the search results using the list of criteria shown in Table 1.

Table 2  Candidate Applications Cases
App Name

Rating

Reviews

Glucose Buddy: Diabetes Log
OnTrack Diabetes
Diabetes Logbook by my Sugar
Diabetes:M
Diabetes Journal
Diabetes Connect
Diabetes Plus
Diabetes Tracker
Accu-Check 360 Diabetes Mgmt
Glucose Buddy—Diabetes Logbook

4.4
4.4
4.6
4.5
4.5
4.5
4.3
4
4
4+

5734
5012
2648
1075
993
855
450
304
240
1349

Such selection criteria provided us a list of relatively fully
developed apps with multiple functionalities for self-care
and diabetes management. The selection process resulted in
a total of 10 apps (Table 2).

2.2 Data Collection and Analysis
Data about apps were collected from users’ reviews on
Apple Store and Google Play, apps’ descriptions, and the
actual use of the apps. We used the ‘relevant’ review feature
on the Apple Store and Google Play to obtain the top 100
helpful reviews as the main data for analysis. Functionallyrelevant user reviews are expressed for various purposes,
such as bug reports, feature requests, and functionality
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descriptions [32]. Such helpful reviews provide direction
for creating summaries and help app developers [33]. Helpful reviews have greater potential value to companies [34]
and provides helpful information to familiarize, understand,
and evaluate the quality and performance of a product [35].
Also, they contain features that the discourse community
favors [36].
For each app, the first step consisted of identifying the
relevant quotes from the users’ reviews and classifying them
along the main six ST system categories. A user review is
relevant to a specific category if it relates and addresses the
two properties, each from one category, that represent the
ST imbalance. The assignment of the reviews to the categories was done iteratively by two authors. The second step
consisted of translating the relevant quotes from the users’
reviews into features statements. The third step in the analysis consisted of mapping these feature statements to the list
of features generated using the ST model. We then evaluated
each feature as satisfied based on users’ reviews, descriptions, and use. Features were noted not satisfied if they were
mentioned as limitations in the users’ reviews. Finally, we
downloaded and used the apps in order to re-confirm the
features assessed using the description and user reviews.
Accordingly, a positive review(s) indicate that the feature
is satisfied. On the other hand, negative review(s) indicate
that a feature is not satisfied. In case a specific feature is
satisfied by a set of reviews and at the same time not satisfied by another set, then the feature is considered satisfied or
not satisfied based on the majority of the reviews. In other
words, for a specific feature if most of the reviews are positive, then the feature is satisfied. Otherwise the feature is
not satisfied. For example, the following user comment “It’s
wonderful for those of us learning how everything we do
effects of glucose levels and for those of us that are learning how to manage our blood glucose.” is mapped to the
Task-Actor category, more specifically, the “the system provides the patient with knowledge regarding the importance
of selfcare tasks to health maintenance” feature since the
comments is related to the “importance to the goal" property
from the task component and the “knowledge and expectation” property from the actor component.

2.3 Validity and inter‑rater reliability
Data analysis was done by two authors who have the experience in healthcare technologies, mobile apps, and requirements analysis. We used multiple sources of evidence
including mobile app description, users’ reviews, and observations from the actual use of the mobile app by researchers. We developed a chain of evidence to “assure a logical,
sequential process which can be reconstructed and anticipated by an external audit” [37].
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In order to make sure that the results obtained are reliable
and consistent, we have established inter-rater reliability to
make sure that any evaluator, of the ST features using the
ST approach, will eventually conclude with almost similar
evaluation for the system under study. Accordingly, we conducted a pilot study using the same approach on one diabetes
mobile app that was selected at random from the candidate
cases, and two raters evaluated the app. After several iterations and enhancements in the list of features and descriptions about these features, we achieved a Kappa statistic of
0.62 which reflected a substantial agreement among different
raters [38].
Internal validity was achieved during the data analysis
phase. In the data analysis phase, we used pattern analysis
by identifying and categorizing patterns across the data. For
example, many reviews stated that the apps are easy to use
in different ways such as “simple to use and extremely useful for your health”, “It is intuitive and easy to use”, “user
friendly and easy to use”, and “best and easy to use makes
tracking my glucose easy”. All of these reviews reflect the
same idea, ease of use. So, any of the reviews that correspond to such pattern are considered to represent ease of use.
Also, in the same phase, we developed a case study database
to store collected data as well as the analysis results. We
used content analysis by identifying and categorizing patterns across the data.
External validity was achieved through replications in
ten different cases – mobile apps. Procedures that were performed for any single case study have been applied to other
case studies, using the same methods for data collection and
analysis.

3 Results
We identified 73 ST features using the ST process model
that we compared and contrasted against the app features
captured from the analysis of the users’ reviews, and the
apps’ descriptions. These features can be represented in
three groups as shown in Table 3.
Group A represents ST features that were implemented
by at least one of the mobile apps evaluated. These are the
set of features that are desired by the users as evidenced
by user comments, provided by at least one app, and at the
same time are captured by the list of ST features. We have
a total of 50 features that belongs to this group. Example of
features in the context of diabetes management based on the
reviewed apps are:
• Task-Actor: the app provides the ability to motivate user

to keep sugar level, blood pressure and weight under
control,
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Table 3  Analysis Results by
Categories

Category

ST Features

Group A

Group B

Group C

Task-Actor Features
Task-Structure Features
Task-Technology Features
Actor-Structure Features
Actor Technology Features
Structure-Technology Features
Total

16
12
12
12
12
9
73

13
2
12
5
12
6
50

3
1
3
7

3
7
6
16

• Task-Structure: the user has the ability to email results

4 Discussion

•

Using the ST process model, we were able to identify a
number of missing features while possibly opening up the
possibility to uncover potential required features (unknown’
features). The missing features fall predominantly under the
task-structure, actor-structure, and structure-technology categories. Collectively, this indicates the difficulty of capturing the elements of structure when identifying user features
(requirements). Anecdotally, this reflects the complexity of
structures in a ST system, such as the healthcare system.
One reason that most of the missing features fall under
the structure related categories is that the design of most
of mobile apps for diabetes self-management are mostly
focused on immediate needs and the technical aspects of
self-care tasks.
We speculate there could be several reasons why structure related requirements are not included in the design
of the mobile apps. First, most developers use an agile
approach to system design and start with immediate task
related requirements such as recording and displaying glucose related information. While such requirements are sufficient to get users to initially use the apps, they are not
sufficient for continued usage. Second, eliciting structure
related requirements requires deep domain knowledge of
healthcare processes from behavioral, economic, and social
perspectives, and such expertise may not be available to app
developers. Third, while task related requirements may be
similar across multiple user groups, structure related requirements may vary substantially based on geography, health
systems, and local healthcare economy. Thus, meeting such
varied requirements requires strong collaboration with multiple insurers, health systems, enterprise health IT systems
vendors and requires the development of common standards.
In general, mobile apps for diabetes self-management are
not a standalone tool and requires collaboration among different parties including but not limited to healthcare services
and caregivers. A main pillar in designing systems that are
acceptable to the users and improve usage and retention is
a detailed understanding of the underlying work structures
[17]. Mobile apps for diabetes self-management should be
designed in a manner that considers the interrelated and

•
•
•

ahead of time to doctor before upcoming appointment,
Task-Technology: the app provides the ability to track
blood glucose levels,
Actor-Structure: The user has the ability to connect
with support group forum to ask questions and get
answers,
Actor-Technology: the app enables the user to determine
what foods/meals effect blood glucose levels, and
Structure-Technology: The app provides the ability to
sync with other devices such as PCs and tablets.

Group B represents ST features that are desired by the
users as evidenced by user comments but are not supported
by any of the apps. There are 7 features that belong to this
subset. This set of features is particularly relevant to the
evaluation as it demonstrates the ability of the ST process
model to identify features that are desired by the users, yet
not provided by the app. Example of features include, the
app should provide the ability to send readings directly from
the glucose meter to the phone app via Bluetooth or similar
technologies, and the app should allow user to export results
in specific format without the need to pay for such feature.
Finally, group C represents ST features that are not mentioned by the users in their reviews of the app nor are part
of the apps’ features. This group consists of a total of 16
features out of the 73 ST features list. Many of these features relate to the larger environment within which self-care
tasks are performed and involve critical interdependencies
with physicians, caregivers, and payers. An example of such
features: the app should provide the necessary communication mechanism to persuade the user to carry out important
self-care tasks for diabetes management. Another example,
the app should improve the patient attitude and self-efficacy
to achieve their target behavior during the use of the app.
Past research also indicates that features in group C that
relate to the larger structure are critical to achieving the
healthcare goals. Reviews and studies of mobile health apps
indicate that their benefit is only realized when combined
with additional support from providers [39], requires substantial involvement of physicians and caregivers [40], and
consideration of costs and financial issues [41].
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interdependent dimensions including but not limited to infrastructure, workflow and communications [42]. For example,
the processes for self-glucose monitoring are related with
other process within the entire healthcare structure such as
renewing prescriptions and supplies, function within the
family and marketplace structure, exchange of data between
glucometer and the home computer, and transmission of data
to the provider through computer network [10].

4.1 Task‑actor features
In our analysis, we observed several user comments falling
into this category indicating this set of features are important
to users. We observed users’ comments related to 13 of the
16 ST-related features generated by the ST process model
(Table 4). A majority of the users’ comments are related to
how user self-efficacy, knowledge and attitude was improved
to perform self-management tasks eventually leading to better health outcomes. For example, users commented about
app-provided knowledge and improved self-efficacy and attitude. In cases where the app did not meet such expectations;
users identified the lack of such features in their comments
further strengthening the evidence that such features are
important to the users.
Table 4  Task-Actor Features by
Group

4.2 Task‑structure features
We identified comments related to only 2 of the 12 STrelated features generated by the ST process model (Table 5).
The two features are related to providing communication
support for performing the task, and functionality for integrating the task within existing workflows and routines.
Communicating with external entities such as insurance
companies is an essential interdependency in self-management tasks. Communication features are needed to support
all dimensions of a task, especially complex and difficult
aspects of a task. We observed user comments indicating a
need for such features and lack of support in many apps for
such features.
Another area of comments relates to the inter-relations
between self-management tasks and the larger structure
within which such tasks are performed. For example, health

Tack-Actor
Group A

Group B
Group C

13

We did not find any comments regarding three features
related to enhancing social support and attitude for performing tasks that are interdependent with the main selfmanagement task, as well as to improving patient attitude
for performing difficult self-care tasks. This could indicate
that such features are not needed or not expected by users of
mobile diabetes self-management apps.

The system provides the patient with knowledge regarding the important of selfcare task to health maintenance
The system provides the patient with knowledge about resources required for
performing self-care tasks
The system provides the patient with knowledge about the difficult aspects of
self-care tasks
The system provides the patient with knowledge about task interdependence with
other tasks and entities
The system improves patient’s self-efficacy in identifying importance of self-care
task to health maintenance
The system improves patient’s self-efficacy for acquiring resources related to
self-care tasks
The system improves patient’s self-efficacy for performing difficult aspects of
self-care tasks
The system improves patient’s self-efficacy for performing interdependent tasks
The system improves patient’s attitude in understanding importance of self-care
task to health maintenance
The system improves patient’s attitude for acquiring resources related to self-care
tasks
The system enhances patient’s social support for understanding importance of
self-care task to health maintenance
The system enhances patient’s social support for acquiring resources related to
self-care tasks
The system enhances patient’s social support for performing difficult aspects of
self-care tasks
N/A
The system improves patient’s attitude for performing difficult self-care tasks
The system enhances patient’s attitude for performing interdependent tasks
The system enhances patient’s social support for performing interdependent tasks
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Table 5  Task-Structure Features
by Group

Tack-Structure
Group A
Group B
Group C

The system provides communication support for independent tasks and entities
The system supports interdependent task within existing workflows
The system provides communication support about difficult aspects of self-care task
The system provides communication support for acquiring resources related to self-care tasks
The system enables resource acquisition for self-care task within existing workflows
The system provides communication support for understanding importance of self-care task
to health maintenance
The system enables understating importance of self-care task to health maintenance within
existing workflows
The system enables performing difficult aspects of self-care task within existing workflows
The system supports financial consideration related to importance of the self-care task to
health maintenance
The system supports financial consideration related to resource required for self- care task
The system supports financial consideration related to difficult aspects of self-care task
The system supports financial consideration related to independent tasks and entities

insurance companies are now encouraging members to better manage health by providing incentives and infrastructure such as personal health portals to manage health. Users’
comments indicated that features related to integration of
self-management apps with such portals are a useful requirement that allow them to perform their personal self-care
task and support its interdependency with insurance related
incentives.
The larger structure within which self-care tasks are carried should be organized as layers and integrated with other
systems, shared by and open to larger communities of practices, and links different human actors and systems together.
Such aspects of the overall structure must be built around
the social and technical aspects of information system design
[43]
Finally, we did not find any users’ comments related to
financial considerations for performance of tasks. Only one
app did support functionality for monitoring self-management related expenditures. However, we did not find any
comments where users express interest in functionality
within the apps for managing self-management related costs.
Although costs of performing self-management tasks is a
significant concern for users, we observed limited expectations from users for such functionality from self-care mobile
apps.

4.3 Task‑technology features
Users’ comments are observed for each of the 12 STrelated features (Table 6), indicating the importance of
this category and confirming the relevance of the features
generated by the ST process model. The majority of user
comments were an acknowledgement of the support of the
apps for various self-management tasks. User commented
on whether they could enter and retrieve information, use
the app for repeated self-management tasks, understand

Table 6  Task-Technology Features by Group
Tack-Technology
Group A The system provides the necessary functionality related
to understanding importance of self-care task to health
maintenance
The system provides the necessary functionality for managing resources related to self-care task
The system provides the necessary functionality for performing difficult aspects self-care tasks
The system provides the necessary functionality for coordinating self-care tasks with other task and entities
The system is useful for understanding importance of selfcare task to health maintenance
The system is useful for managing resources related to
self-care task
The system is useful for performing difficult aspects selfcare tasks
The system is useful for coordinating self-care tasks with
other tasks and entities
The system is easy-to-use for understanding importance of
self-care task to health maintenance
The system is easy-to-use for managing resources related
to self-care task
The system is easy-to-use for performing difficult aspects
self-care tasks
The system is easy-to-use for coordinating self-care tasks
with other tasks and entities
Group B N/A
Group C N/A

trends, and perform other tasks closely related to diabetes
self-management such as monitoring blood pressure. We
inferred usability as a critical non-functional requirement
based on comments that indicated whether the app was
intuitive and easy to use. Utility of the apps was indicated
by comments where users mentioned that the app was
helpful or useful in controlling and managing their health
condition through the performance of self-management
tasks.
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4.4 Actor‑structure features

Table 8  Actor-Technology Features by Group

The Actor-Structure category consists of features that are
related to an actor’s interaction with the larger societal and
economic structure within which self-management activities
take place. We observed comments in 5 of the 12 ST-related
features (Table 7). Users’ comments are related to providing
the user with knowledge, improving users’ self-efficacy and
social support for communication related to self-management and integrating self-management tasks within existing
workflows.
Several user comments indicate that self-management
activities are often embedded in larger workflows unrelated
to self-management and such features need to be supported.
For example, a user commented on the need for social support for their school going son so that adequate glucose
monitoring can be performed both at school and at home
and involving school personnel and family members. Other
examples include providing users with knowledge on transferring app data when switching between devices.
A majority of the features where we did not observe any
user comments were related to user attitude, and economic
and financial considerations. One possible explanation is
that these features are outside the scope of a self-management apps as perceived by the users.

4.5 Actor‑technology features
These features are related to a user’s interaction with technology including technology self-efficacy [44] — the user’s
personal confidence toward successfully and purposefully
using the technology itself [45] — and attitude towards
technology. We observed comments related to each of the
12 ST-related features (Table 8). Users’ comments in this
area demonstrated the importance of users’ attitudes towards
technology and users’ technology self-efficacy and its impact
on technology adoption and use. Users’ comments indicated
that making apps fun and easy to use with attractive visual

Table 7  Actor-Structure
Features by Group

Group A The system provides the knowledge for using technology
functionality to perform self-care tasks
The system provides the knowledge for determining
whether the technology is useful for performing self-care
tasks
The system usability enhances user knowledge
The system enhances patient’s self-efficacy for using technology functionality to perform self-care tasks
The system enhances patient’s self-efficacy for determining whether the technology is useful for performing
self-care tasks
The system usability enhances patient’s self-efficacy
The system enhances patient’s attitude to determine
whether the technology is useful for performing self-care
tasks
The system enhances patient’s attitude to use technology
functionality to perform self-care tasks
The system usability enhances patient’s attitude
The system enhances patient’s social support to use technology functionality to perform self-care tasks
The system enhances patient’s social support to determine
whether the technology is useful for performing self-care
tasks
The system usability enhances patient’s social support
Group B N/A
Group C N/A

interfaces plays an important role in adoption and continued
use of technology.
Several users commented on the color schemes, visual
appeal and attractiveness of the user interface and its impact
on attitudes towards use of technology for managing diabetes. Users’ technology self-efficacy is another aspect that
needs to be considered when designing apps. For example,
diabetic users often have a higher risk of vision problems
and users often comment on the size of the text or the appropriateness of the user interface for users with poor eyesight.
Other areas where we observed comments include providing users with knowledge on the use of technology such as

Actor-Structure
Group A

Group B
Group C
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Actor-Technology

The system provides the knowledge for performing self-care tasks in existing workflows
The system improves user self-efficacy for communication related to self-care
The system improves user self-efficacy for performing self-care tasks in existing workflows
The system improves user social support for communication related to self-care
The system improves user social support for performing self-care tasks in existing workflows
The system provides the user with knowledge for communication related to self-care
The system provides the knowledge about self-care tasks economics
The system improves user self-efficacy about self-care tasks economics
The system improves user attitude for communication related to self-care
The system improves user attitude for performing self-care tasks in existing workflows
The system improves user attitude about self-care tasks economics
The system improves user social support about self-care tasks economics
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online help or common instructions for navigating the app,
downloading data, connecting devices, etc.

4.6 Structure‑technology features
We observed users’ comments related to 6 out of 9 STrelated features (Table 9). We observed several comments
that shows the importance of technology support for the
larger structure within which self-management activities
are performed. For example, while mobile apps are used for
self-management, the larger structural workflow considerations include interoperability and integration with external
technology infrastructures. This is evidenced by comments
about integration of mobile apps with external storage services such as Dropbox, Google Drive etc., or ability to email
clinicians and interface with insurance provider and health
maintenance websites.
Mobile apps for healthcare can benefit from improved
infrastructure and integration with medical records [46].
Healthcare organizations must support the necessary technical infrastructure to increase support for mobile devices
use by patients as well as healthcare providers [47]. Selfcare systems design should adapt to the supporting elements
of the structure in support of the self-care tasks and help
overcome deficiencies in structural environment in which
self-care processes are embedded [10].
Another area where we observed several comments
include financial considerations and technology-based mechanisms for keeping the costs low. Several users commented
on pricing of technology enabled subscription mechanisms,
availability of the apps for free and support-based mechanisms for keeping the costs low.

4.7 Summary recommendations for diabetes
management mobile apps
Despite the fact that existing diabetes management mobile
apps support essential features required for diabetes selfmanagement, such apps lack additional features that could
help improve the diabetes self-management experience as
Table 9  Structure-Technology
Features by Group

well as the quality of healthcare delivery. Such features are
mainly related to the social and structural aspects of diabetes
self-management and healthcare delivery. The social support
feature should be integrated within the diabetes management
mobile apps in order to provide support from peers or a family member in a fashion similar to internet-based support
groups. Another important feature has to do with formulating attitudes toward the use of the app for self-care behavior.
This could be achieved by improving the user experience
with the app and providing the necessary functionalities
for social support. Communication and integration features
play an important role in diabetes self-management through
mobile apps. Such features should fit within the structure in
which the mobile app is used. More specifically, diabetes
mobile apps should be integrated within existing healthcare
technologies and the processes of the healthcare systems.
Financial constraints have been widely cited as one of the
issues that limit patients’ effective self-management of diabetes. In general, patients are not willing to pay for diabetes
management mobile apps [48]. As a result, patients should
be able to use mobile apps for diabetes self-management
without concerns about extra self-management costs or at
least keep the cost low. Table 10 summarises the recommendations for diabetes management mobile apps.

5 Conclusions
In this study we present an extensive analysis of mobile
apps for diabetes self-management from a ST perspective.
The results indicate that there are a apps of ST-related features that are expected by the user yet missing from existing offering of apps. Specifically, the results emphasize the
importance of accounting for social and structural aspects
of healthcare delivery when designing apps for diabetes
self-management. Current apps fail to consider critical
aspects of diabetes self-management such as the influence
of family support as well as internet-based support groups
on patients’ ability to perform self-care tasks, reduce costs,
improve patient-provider communications, and integration

Structure-Technology
Group A

Group B

Group C

The system functionality support communication related to self-care tasks
The system functionality supports existing workflows related to self-care
The system is useful for communicating related to self-care tasks
The system is easy to use for communication
The system is easy to use for existing workflows related to self-care
The system is functionality is supportive of user financial considerations related to self-care
The system is useful for existing workflows related to self-care
The system is easy to use without any financial considerations related to self-care
The system functionality support performing activities and granting physician legitimacy to
exercise of power
N/A
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Table 10  Summary of Design Feature Recommendations
Design Feature
Recommendation

Illustrative Example

Social support features

Use of mechanism that facilitate embedding family and internet-based support groups’ role in selfcare management processes such as diet control and glucose monitoring
Improve the user experience with the mobile app through
personalization or rewards system, and provide the necessary functionalities for social support
through personalized messages
Interrogation with exiting healthcare technologies such as electronic medical records and patient
portal and support data transmission in the context of patient-provider communication

Features to Improve Users’ Attitude
Communication and Integration Features

of the apps with the lager consumer technology eco-system
to allow for seamless integration into patient lifestyles.
From a provider perspective, analysis of the results (particularly the list of features in groups B and C) showed that
it is important to select mobile health apps that allow for
closed loop communication with providers, coordination
with caregivers and have the support of payers. As such,
apps are more likely to address a comprehensive set of ST
features leading to continued use and better outcomes. From
a developer perspective, the ST model helped to identify a
number of features that are critical to diabetes self-management but have not been incorporated in mobile apps
for diabetes self-management. These features include the
provisioning of social support, enhancing patients’ attitude
and self-efficacy, and support for carrying self-management
tasks within existing workflows and coordinating the tasks
with other healthcare entities.
Overall, the systematic socio-technical process-based
approach used in this paper to analyze diabetes mobile apps
has identified a number of strengths and limitations of the
apps in the marketplace. Specifically, it highlighted the need
to account for the social aspects of the systems as we uncovered many unstudied features by these apps. Further, the
systematic approach is applicable to different application
domains domains/areas where the users and/or analysts may
not be able to a-priori articulate/identify requirements in a
systematic manner, i.e., in new and complex domains such
as mHealth and self-care, and not necessarily rely on the
requirements analysts healthcare expertise. While the current process model focused on diabetes management mobile
apps, extension to other apps will entail the systematic application of the ST process model to identify the relevant properties for each ST component in the context of the specific
domain under consideration.
Future research can further address limitations of the
study. One limitation has to do with defining and measuring the completeness of the feature list, i.e., requirements
at a high-level. Technically, it is not possible to determine
whether the list of ST features is complete or not without
extensive user involvement, and possibly until the users
acquire and experiment with a system that incorporates the
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identified features. Another limitation has to do with the
number of reviews used in the analysis. Despite the fact that
there is no recommended threshold for the required number
of reviews to complete the analysis in this paper, it is highly
recommended to adopt a larger set of reviews as well as
a more comprehensive set of diabetes management mobile
apps from multiple app stores.
In conclusion, barriers to the adoption and use of mobile
apps for self-care management span across technical and
social boundaries. In addition, there is an emerging consensus that health information technology project’s problems
are sociological, which further provide a solid support for
the ST approach. The ST process model provides the foundation for a midrange theoretical model that emphasizes ST
considerations in systems analysis and design. As a result,
leveraging information technology for diabetes self-care
management require adopting a holistic ST perspective.
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